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Method and Device for Controlling an Internal Combustion Engine 

Cross Reference to Related Application 

[0001] This application claims foreign priority of the German application 

DE 10303701.2 filed on January 30, 2003. 

Technical Field of the Invention 

[0002] The invention relates to a method and a device for controlling an 

internal combustion engine with an intake device, the intake pipes for the intakes of 
cylinders of the internal combustion engine and actuators for adjusting the effective 
pipe lengths of the intake pipes by closing or opening at least one opening of the 
intake pipes through to a hollow body and at least one actuator for controlling the 
actuators. 

Background of the Invention 

[0003] Such an intake device in an internal combustion engine is well-known 

from DE 197 17 347 CI. The actuators formed as switching flaps are swiveled as a 
function of the RPM N of the crankshaft of the internal combustion engine and/or a 
mass air flow and/or an intake pipe pressure either in an open position or in a closed 
position by means of the actuator. Therefore, two different effective lengths of the 
intake pipes are obtained as a function of the RPM of the internal combustion engine. 
The effective length of the intake pipes in each case conforms to the length on which 
the gas pillar in the intake pipe swivels. This is the entire length of the intake pipes if 
the switching flaps are swiveled in their closed position or only the section of the 
intake pipes from one intake of the cylinders up to the switching flaps if the switching 
flaps are in their open position. , 
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Summary of the Invention 

[0004] The object of the invention is to create a method and a device that 

guarantees a very good torque curve of an internal combustion engine. 

[0005] The object of the invention can be achieved by a method for controlling 

an internal combustion engine with an intake device, comprising intake pipes for 
intakes of cylinders of the internal combustion engine and first actuators for adjusting 
the effective pipe lengths of the intake pipes by closing or opening at least one 
opening of the intake pipes up to a hollow body and at least one second actuator for 
controlling the first actuators, comprising the steps of: 

- within a first speed range whose upper limit is a first threshold value, moving the 
first actuators into a closed position, 

- for a speed, exceeding a first threshold value and being less than a second threshold 
value, moving the first actuators into a leakage position, and 

- for a speed exceeding the second threshold value, moving the first actuators into an 
open position. 

[0006] For speeds exceeding the first threshold value and being less than the 

second threshold value, the leakage position can depend on the speed. As the speed 
increases, the leakage may be increased. Movement of the first actuators into a 
leakage position may also depend on a load size of the internal combustion engine. 
For a speed less than a third threshold value that is less than the first threshold value, 
the first actuators can be moved into the open position. The third threshold value can 
be in the range from 900 to 1500 rpm. The first threshold value can be in the range 
from 2800 to 4000 rpm. The second threshold value can be in the range from 3400 to 
4800 rpm. 

[0007] The object can also be achieved by a method for controlling an internal 

combustion engine comprising the steps of: 
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- providing intake control means for controlling an effective pipe length of an intake 
pipe system by opening or closing at least one opening of the intake pipes up to a 
hollow body; 

- determining an engine speed; 

- within a first speed range whose upper limit is a first threshold value, closing the 
opening, 

- for a speed, exceeding a first threshold value and being less than a second threshold 
value, controlling said opening to have a leakage, and 

- for a speed exceeding the second threshold value, opening said opening. 

[0008] For speeds exceeding the first threshold value and being less than the 

second threshold value, the leakage may depend on the speed. As the speed increases, 
the leakage can be increased. Movement of the first actuators into a leakage position 
may also depend on a load size of the internal combustion engine. For a speed less 
than a third threshold value that is less than the first threshold value, the opening can 
be opened. The third threshold value can be in the range from 900 to 1500 rpm. The 
first threshold value can be in the range from 2800 to 4000 rpm. The second threshold 
value can be in the range from 3400 to 4800 rpm. 

[0009] The object can further be achieved by a device for controlling an 

internal combustion engine with an intake device, comprising intake pipes for intakes 
of cylinders of the internal combustion engine, first actuators for adjusting the 
effective pipe lengths of the intake pipes by closing or opening at least one opening of 
the intake pipes up to a hollow body, at least one second actuator for controlling the 
first actuators, first means that within a first speed range whose upper limit is a first 
threshold value, move the first actuators into a closed position, second means that for a 
speed, exceeding a first threshold value and being less than a second threshold value, 
move the first actuators into a leakage position, and third means that for a speed 
exceeding the second threshold value, move the first actuators into an open position. 
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[0010] The object can further be achieved by a device for controlling an 

internal combustion engine with an intake device, comprising intake pipes coupled 
with intakes of cylinders of the internal combustion engine, first actuators for 
adjusting the effective pipe lengths of the intake pipes by closing or opening at least 
one opening of the intake pipes up to a hollow body, at least one second actuator for 
controlling the first actuators, a control unit for controlling the second actuator, 
wherein within a first speed range whose upper limit is a first threshold value, the 
control unit controls the second actuator to move the first actuators into a closed 
position, for a speed, exceeding a first threshold value and being less than a second 
threshold value, the control unit controls the second actuator to move the first 
actuators into a leakage position, and for a speed exceeding the second threshold 
value, the control unit controls the second actuator to move the first actuators into an 
open position. 

[0011] For speeds exceeding the first threshold value and being less than the 

second threshold value, the control unit may control the leakage position depending on 
the speed. The control unit may increase the leakage as the speed increases. The 
control unit may control the movement of the first actuators into a leakage position 
depending on a load size of the internal combustion engine. For a speed less than a 
third threshold value that is less than the first threshold value, the control unit may 
control the first actuators to be moved into the open position. The third threshold 
value can be in the range from 900 to 1500 rpm. The first threshold value can be in 
the range from 2800 to 4000 rpm. The second threshold value can be in the range 
from 3400 to 4800 rpm. The second actuator can be an electric motor. The first 
actuators can be switching flaps. 

[0012] The outstanding aspect of the invention is that, within a first RPM 

range of which the upper limit is a first threshold value, the actuators are moved into a 
closed position that, for a RPM that exceeds the first threshold value and being less 
than a second threshold value, the actuators are moved into a leakage position and 
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that, for a RPM that exceeds the second threshold value, the actuators are moved into 
an open position. As a result, in the first RPM range long effective intake pipe lengths 
and in the RPM range that exceeds the second threshold value, short effective intake 
pipe lengths are guaranteed. In that way, the cylinders of the internal combustion 
engine can be charged very effectively in each case in these RPM ranges. In addition, 
in the RPM range that exceeds the first threshold value and is less than the second 
threshold value, charging the cylinder is considerably improved by the leakage 
position of the actuator. 

Brief Description of the Drawings 

[0013] Exemplary embodiments of the invention are explained below on the 

basis of the schematic drawings. The drawings show: 

[0014] Figure 1 an internal combustion engine with an intake tract 1, 

[0015] Figure 2 a section of the intake device according to Figure 1 along 

the line II - IP, 

[0016] Figure 3 a switching flap that is arranged in the intake device 1 

and 

[0017] Figure 4 a flowchart of a program for controlling the internal 

combustion engine. 

Detailed Description of the Preferred Embodiments 

[0018] Elements of the same design and function are identified in all the 

figures with the same reference symbol. 

[0019] An intake device 1 (Figure 1) of an internal combustion engine has an 

intake air duct 2, in which a throttle valve 3 is preferably arranged. The intake air duct 
2 communicates with a first manifold 4, from which intake pipes 5, 6, 7, 8 are again 
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routed to intakes 11, 12, 13, 14 of an engine block. A second manifold 9 is embodied 
downstream of the first manifold 4 and upstream of the intakes 11 to 14. In the range 
of the second manifold 9, actuators embodied for closing or opening at least one 
opening of the intake pipes up to a hollow body are embodied as switching flaps 20, 
21, 22. Thus, in this embodiment the hollow body is the volume up to the neighboring 
intake pipe 5 to 8 in each case. However, in an alternative embodiment, it can also be 
an additional volume. However, the hollow body can also directly be the first manifold 
4 or communicate directly with the first manifold 4, for example, via a short piece of 
pipe socket. 

[0020] In addition, an actuator 18 is provided that is embodied in such a way 

that it is suitable to move the switching flaps into an open position, in a closed 
position and in at least one leakage position. The actuator is preferably embodied as 
the electric motor. A device 19 for controlling the internal combustion engine is also 
provided that generates adjusting signals for the actuator 18 as a function of the 
operating parameters of the internal combustion engine such as a speed N of a 
crankshaft of the internal combustion engine. 

[0021] Figure 3 shows a possible embodiment of the switching flap according 

to the Figure 2. The switching flap 20 has a shaft 23 that is bent at right angles at a 
free end. The shaft 23 forms a close fit with an airfoil 30. A sealing compound is 
molded around the airfoil 30 and embodied in such a way that it forms a sealing edge 
37 on the edge side of the switching flap that comes to a stop in the closed position 
with a flange of the opening and the opening is then tightly closed. The sealing 
compound also forms a first and a second sealing cap 39, 40 that are arranged 
concentrically to the shaft 23 on the opposite axial ends of the switching flap 20. 

[0022] According to Figure 4, a program for controlling the internal 

combustion engine is started in a step SI. A step S2 tests whether or not the speed N is 
less than a third threshold value NO. If this is the case, the position S of switching flaps 
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20 to 22 is moved to an open position OP in a step S3. In the open position OP, each 
of the switching flaps 20 to 22 open the openings to the neighboring intake pipes 5 to 
8 in which case the effective intake pipe length is shortened to the length of the intake 
pipe between the specific opening, in which the switching flaps 20 to 22 are arranged 
through to the intakes 11 to 14 on the engine block. The third threshold value NO is 
selected advantageously in a range of 900 to 1500 rpm, i.e. for example at 1000 rpm. 
Tests on engine test stands showed that for such low speeds, charging the cylinders 
can be improved by a shorter effective intake pipe length. 

[0023] However, if the condition of step S2 has not been fulfilled, a test will 

be performed in a step S4 as to whether or not the speed N exceeds a first threshold 
value. Should this be the case, the positions S of the switching flaps 20 to 22 are 
moved to a closed state CL in a step S5. In the closed state CL, the intake pipes 20 to 
22 do not communicate with the hollow body that in each case conforms to the 
neighboring intake pipe in this embodiment. Therefore, the openings in which the 
switching flaps 20 to 22 are arranged are closed. This results in an effective intake 
pipe length that conforms to the entire length of the intake pipe from the first manifold 
4 through to the intakes 11 to 14. The first threshold value is preferably selected in a 
range from 2800 to 4000 rpm for example at 3400 rpm. As a result, excellent charging 
of the cylinders can be guaranteed in the range between the third threshold value NO 
and the first threshold value Nl. 

[0024] However, if the speed N in the step S4 exceeds the first threshold value 

Nl, a step S6 tests whether or not the speed exceeds a second threshold value N2. The 
second threshold value N2 is preferably in the range from 4000 to 4800 rpm for 
example at 4200 rpm. Should the speed in the step S6 be less than the second 
threshold value N2, a leakage position IM is determined as a function of the speed N 
in a step S7. In a particularly simple development, the leakage position IM is 
permanently specified. However, a further improvement of the torque curve can be 
achieved if the leakage position is variable and can be determined as a function of the 
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speed. A particularly good torque curve is obtained if the leakage position IM is 
dimensioned in such a way that the leakage increases with an increasing speed N. In 
the leakage position, the openings are only opened slightly by the switching flaps 20 to 
22 so that the air flow in this range of the intake pipes does not completely break 
away. In the leakage position IM, the openings are only opened to such an extent by 
the switching flaps 20 to 22 that this opening conforms to a maximum leakage of 15% 
of the opening area that can be closed by the specific switching flap. 

[0025] In a step S8, the position S of the switching flap is then controlled in 

the leakage state. As a result, in the speed range between the first threshold value Nl 
and the second threshold value N2, the charging and therefore the torque of the 
cylinder of the internal combustion engine is clearly obtained. The switching flaps are 
then preferably embodied sealing tightly as described on the basis of the switching 
flap according to Figure 3 and then in the speed range between the third threshold 
value NO and the first threshold value Nl close the openings very tightly with a 
leakage of less than approximately 1% of the flap area which is extremely 
advantageous in this speed range. On the other hand, in the speed range between the 
first speed threshold and the second speed threshold, the leakage position IM 
advantageously acts further on the torque curve. 

[0026] However, if the condition of step S6 has been fulfilled, i.e. the speed 

exceeds the second threshold value N2, in one step S2 the position S of the switching 
flaps 20 to 22 in the step S3 is moved into the open position OP in which case the 
speeds exceeding the second threshold value N2 give a very good torque curve. 

[0027] Advantageously, movement of the actuators into a leakage position also 

depends on a load variable of the internal combustion engine. In this way the leakage 
position is for example only selected in the area close to full load, i.e. for example if 
the intake pipe pressure approximately conforms to the environmental pressure at the 
specific speed. 
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